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Divisional Application under 35 U.S.C. §§ 120 and 121 and 37 C.KR 1.53(b) 

Assistant Commissioner for Patents and Trademarks 
Box Patent Application 
Washington, D.C. 20231 

Sir: 

Enclosed for filing is a divisional application under 35 U.S.C. §§ 120 and in accordance with 121, 
37 C.F.R. 1 .53(b), and MPEP 201 .06(c), for an invention newly entitled "Flow Cytometer Droplet 
Formation System" including the following documents: 

a. a Preliminary Amendment which should be entered prior to calculation of the fee for this 
application - and which adds, among other aspects, the statement that this application is to 
be considered a divisional application and amends the title; 



b. a copy of the Specification of the original application consisting of 38 pages as originally 
filed with no new matter added as required pursuant to 37 C.F.R. § 1.53(b) and MPEP 
201.06(c). For the convenience of the Office, a cover sheet has been added to the copy to 
indicate the new caption and title and thus minimize the risk of loss in the event documents 
are separated from the file; 

c. a copy of 5 sheets of drawings as presented in the original application with no new matter 
added as required pursuant to 37 C.F.R. § 1 .53 (b) with the newly attached cover sheet; 

d. a copy of the Declaration for Patent Application, as filed in the original application, pursuant 
to Rule 1.63(d)(l)(i-iv), with the newly attached cover sheet; 

e. a true and correct copy of the assignment of patent rights filed in the original application, 
including the notice of recordation and recording cover sheet recorded on October 14, 1994 
to University ofWashington, recorded at reel/frame: 7324/0964 pursuant, to 37 C.F.R. §3.21 
and MPEP §306, with newly attached cover sheet; 

f. copies of the original application Power of Attorney from Cytomation, Inc. and attached to 
it the Correspondence Address Change pursuant to Rule 1 .63(d)(4) with the newly attached 
cover sheet; 

g. copies of the original application Power of Attorney from University of Washington and 
attached to it the Correspondence Address Change pursuant to Rule 1.63(d)(4) with the 
newly attached cover sheet; 

h. copies of the original application Power of Attorney from Ger Van den Engh and attached 
to it the Correspondence Address Change pursuant to Rule 1.63(d)(4) with the newly 
attached cover sheet; 

i. a newly executed Associate Power of Attorney under 37 C.F.R. §1. 34(b); 

j. It should be noted that small entity status was established in the original application relied 
upon for priority in the present application. Small entity status remains appropriate and is 
hereby claimed for this application under to 37 CFR 1.28. No copies of the documents 
establishing small entity status in the original application are filed. Pursuant to MPEP 
201.06(c) no copy is necessary; 

k. an Information Disclosure Statement pursuant to 37 C.F.R. §§ 1.97 and 1.98 listing 
references including those cited in the parent and original applications, and including copies 
of those references not cited in the parent case. It is understood that all the Information 
Disclosure Statements and art cited by the parent and original applications will be considered 
in this division application pursuant to 37 C.F.R. § 1.98(d); 

1. a firm check payable to the Commissioner of Patents and Trademarks in the amount of 
$661.00, along with an attached fee calculation sheet; 
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m. Express Mail Certificates for each document; and 
n. this Letter of Transmittal 

Please process this application as a divisional application under 35 U.S.C. §§ 120 and 121 and 37 
C.F.R. 1.53(b) or otherwise as appropriate. Please confirm receipt of the documents by applying 
your date stamp and serial number on the enclosed postcard and returning it to me. 

I have this _19rday of October, 2000, either myself personally or through my direction of staff at this 
office, deposited all of the items in the above letter of transmittal with the United States Postal 
Service as Express Mail, postage prepaid, in an envelope addressed to: Box Patent Application, 
Assistant Commissioner for Patents, Washington, D.C. 2023 1 . 

Please address all future correspondence to: Santangelo Law Offices, P.C., 125 South Howes, 
Third Floor, Fort Collins, CO 80521. 



Dated this day of October, 2000. 



Respectfully Submitted, 



SANTANGELO LAW OFFICES, P.C. 



By: 



ChadSoliz . \ 

ATTORNEY FOR APRLflpANT 
PTONo. 47,101 
125 South Howes, Third Floor 
Fort Collins, Colorado 80521 
(970)224-3100 
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PRELIMINARY AMENDMENT 

Before calculating the fees on the above examination and before examining the above- 
referenced application, please amend the application as follows: 

AMENDMENT 
Please amend the application as follows: 



In the specification: 



Please amend the title of the parent application to read as follows: 



-Flow Cytometer Droplet Formation System- 



2. Please amend the priority claim in the first paragraph on the first page of the specification 
of the application to read as follows: 

-- This is a divisional application of parent application number 08/627,963, filed September 

8, 1997, issuing as United States Patent No. , which is a Continued Prosecution 

Application (CPA) of parent application, filed April 16, 1996, of the same application 
number and now abandoned. The parent application filed April 16, 1996 was a File Wrapper 
Continuation (FWC) of the now abandoned original application, application number 
08/323,270, filed October 14, 1994. The present application claims priority to, and 
incorporates by reference, each of the aforementioned applications. » 

In the claims: 

1 . Please cancel claims 1 -43 and 69-82 without prejudice or disclaimer. 

2. Please amend the claims as follows: 

83. (once amended) 

A system for creating a droplet from a jet of a flow cytometer comprising: 

a. a nozzle body having an inner surface; 

b. a nozzle tip having an inner surface; 

c. a seal located off of said inner surface of said nozzle tip and to which both said 
nozzle body and said nozzle tip are responsive; 

d. a sheath fluid port located within said nozzle volume wherein said sheath fluid port 
introduces a sheath fluid; 

e. a substance introduction port located within said nozzle volume; and 

f. a free fall area below said nozzle [exit] ti& and within which said droplet forms. 
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REMARKS 



The present application is to be considered a divisional application of the parent CPA 
application 08/627,963. The present application, for which a copy of the original 08/323,270 
application has been filed, is presently amended to cancel apparatus claims 1-43 and 69-82 as being 
drawn to previously elected and other non-elected inventions in the parent applications pursuant to 
a restriction requirement made by the Examiner in the original application. The remaining claims 
from the parent application are claims 44-68 and 83-85, non-elected in the parent and the original 
applications and presented herein for consideration. 

As previously mentioned, additional claims drawn to previously elected and non-elected 
inventions have been canceled. The applicant has voluntarily reduced the amount of claims 
presented in the outstanding divisional application to assist the Examiner in the examination process. 
The applicant has canceled the claims without waiving the right to add claims such as dependent 
claims already disclosed herein or to file other applications such as continuations, divisional, or 
continuations-in-part. 

An amendment to claim 83 has been provided to properly recite the limitation "nozzle tip" 
consonant with the antecedent limitation initially provided in the claim. It is believed that no new 
matter has been presented by the provision of the present amendment. 

The enclosed fee sheet is based on the claims remaining after this preliminary amendment. 

CONCLUSION 

Claims 44-68 and 83-85 remain in the application. The Applicants respectfully request 
continued prosecution of the claims 44-68 and 83-85. Allowance at an early date is earnestly 
solicited. 
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Dated this jj- day of October, 2000. 



Respectfully submitted, 
SANTANGELO Law Offices, P.C. 




Chad Soliz 
ATTORNEY FOR APPH^ANT 
PTONo. 47,101 
125 South Howes, Third Floor 
Fort Collins, Colorado 80521 
(970) 224-3100 
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HIGH SPEED FLOW CYTOMETER DROPLET FORMATION SYSTEM 



x gpmrfiftOU NP OF THE INVENTION 

Generally this invention relates to droplet flow cytometers 
a ach as are used for the analysis and sorting of substances 
contained within separate droplets. Specifically, the invention 
relates to aspects of such systems which act to form regular 
droplets after exit from a nozzle orifice. 

Droplet flow cytometers have been in clinical and research use 
for many years. Basically, the systems act to position small 
Mounts of a substance within individual droplets of a sheath 
fluid. These droplets can be made uniform by utilizing an 
oscillator which emits a predominant frequency. These oscillations 
are usually applied to the nozzle container. Since droplet flow 
cytometry is heavily utilized in both research and clinical 
environments, such systems have been the subject of much 
refinement. One of the facets of these systems which has been 
particularly challenging, however, is the aspect of controlling the 
drop formation. As to this aspect it has not only been difficult 
to practically achieve processing rates of much more than 40 
kllohertz, it has also been difficult to deal with the incidents of 
using relatively high power to drive the oscillators involved. 

It should be noted that each of the challenges faced in the 
field of droplet formation for flow cytometers is largely unique to 
that field. Even seemingly similar fields such as those involving 
C&annel-type flow cytometers are not very analogous as they do not 
face such problems. Their operation as continuous flow devices 
father than droplet formation devices makes much of the 
understandings available in that field inapplicable to the 
C&allenges and problems faced in flow cytometry droplet formation 
systems. 
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To some degree the challenges for droplet formation may be the 
result of the fact that although drop formation has been modeled 
vith significant theoretical detail, in practice it still remains 
a somewhat empirical subject. While on one level exhaustive 
mathematical predictions are possible, in practice these 
predictions can be greatly tempered — and are often revised — by 
the fact that materials limitations, inherent substance variations, 
and the like contribute heavily to the end result. A number of 
•advances" in this field have even proved to be either unnecessary 
or unworkable in practice. 

The level of oscillation energy required in order to achieve 
uniform droplet formation has, prior to the present invention, been 
very subject to empirical constraints. This power (often expressed 
as a voltage amplitude applied to a piezoelectric crystal 
oscillator) has previously been in the ten volt range. 
tJnfortunately, this relatively high voltage not only results in a 
need for more robust circuitry, but it also has the undesirable 
practical consequence of resulting in undesirable electromagnetic 
•missions. These emissions can impact the sensitivity of the flow 
cytometer or other nearby equipment. Further, as the desire for 
higher processing frequencies is pursued, this problem is 
compounded. Although these problems have been know for years, 
prior to the present invention it has apparently been an accepted 
attitude that in order to achieve higher frequencies, still higher 
oscillation energies are a physical requirement. This invention 
proves this expectation to be untrue. An example of the extremes 
to Which this rational had been applied is shown in U.S* Patent No. 
4361400 to Gray where droplet formation frequencies in the range of 
300 to 800 kilohertz had been achieved. This design had required 
oscillator powered by approximately 80 volts. The apparent 
Physical requirement of higher powers in order to achieve higher 
droplet frequencies may have been one reason that most practical 
droplet flow cytometers operated only in the range of 10 to 50 kHz. 
|tfae present invention shows that such a relationship is not a 
Physical requirement and, in fact, shows that droplet formation 



speeds in the 100-200 kHz range are actually possible with only 
oilli v °l ts of power applied to an oscillator. 



Yet another problem practically encountered in this field was 
the challenge of resonances existing within the nozzle assembly. 
Again, this appears to have simply been accepted as a necessary 
incident of workable systems and may have resulted in an attitude 
among those having ordinary skill in the art that it was not 
practical to vary frequency without unacceptable changes in the 
performance of the entire system. There also seems to have been 
some confusion as to the appropriate way to apply the droplet 
forming oscillations. U.S. Patent No. 4302166 shows that the 
oscillations are applied to the nozzle container perpendicular to 
the fluid flow, whereas, U.S. Patent No. 4361400 suggests applying 
the oscillations to the nozzle container parallel to the lines of 
flow. In fact, the present invention discloses that each of these 
systems are suboptimal in that they may even act to generate the 
resonances and variations in frequency response of the nozzle 
system. 

An even more paradoxical situation exists with respect to the 
problem of maintaining laminar flow within the nozzle system of a 
droplet flow cytometer. Although those having ordinary skill in 
this field have known for years that maintaining laminar flow was 
desirable, until the present invention, practical systems utilizing 
replacement tips have not been optimally designed so as to achieve 
the goal of truly laminar flow. For instance, U.S. Patent No. 
4361400 as well as the 1992 publication by Springer Laboratory 
entitled "Flow Cytometry And Cell Sorting", each show replaceable 
»02zle tip designs in which laminar flow is disrupted at the 
junction between the nozzle body and the nozzle tip. Again, such 
( designs seem to present almost a paradox in that they obviously are 
"Hot optimum from perspective of a goal which has long been known as 
■"t&ose having ordinary skill in the art. The present invention not 
vonly recognizes this goal but also demonstrates that a solution has 



readily available. 



Yet another problem encountered in this field is the need to 
parameters to optimize actual conditions encountered in 
processing. Again theory and practice did not mix well. While 
jystems were usually designed for optimum conditions, in actual 
usage such conditions rarely existed. Thus, as U.S. Patent No. 
4070617 recognized, designs which allow variation of the substance 
output velocity within the sheath fluid were desirable. Although 
such systems permitted some variation, it was recognized that such 
variations necessarily made conditions within the flow cytometer 
suboptimal for the simple reason that there is a very definite 
physical relationship between the sheath substance and drop 
parameters which must be maintained. Since these parameters are 
veil known to those having ordinary skill in the art (as also 
indicated in U.S. Patent No. 4302166), the variations required in 
practice appear to have been accepted as a necessary evil. To some 
extent, the resulting reduced resolution appears to have been 
accepted without question. Again, the present invention realizes 
that approaches which moved conditions away from optimal were not 
a necessary incident of adapting to conditions practically 
encountered; it shows that solutions which allow for variation and 
yet maintain optimal flow conditions are possible. 

As explained, most of the foregoing problems had long been 
recognized by those having ordinary skill in the art. Solutions, 
however, had either been perceived as unlikely or not been 
recognized even though the implementing elements had long been 
available. This may also have been due to the fact that those 
having ordinary skill in the art may not have fully appreciated the 
mature of the problem or may have been due to an actual 
^understanding of the physical mechanisms involved. These appear 
to have included the misunderstanding that actually moving the 
ftozzle was the proper way to induce the droplet forming 
08cin a ti ons and the simple failure to realize that it was possible 
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t0 coordinate the desire for replaceable nozzle tips with the 
deS ire for laminar flow within the flow cytometer nozzle assembly, 
gjjailarly, those skilled in the art had long attempted to achieve 
higher frequency systems which were practically implementable and 
bad attempted to achieve variations which would to the largest 
extent possible maintain optimal conditions. Their attempts often 
led them away from the technical directions taken by the present 
invention and may even have resulted in the achievements of the 
present invention being considered an unexpected result of the 
approach taken. 

II. SUMMARY OF THE INVENTION 

The present invention involves a number of improvements which 
are applicable to a flow cytometer droplet system. These 
improvements each offer independent advantages and may be combined 
synergistically to produce a great increase in the performance of 
droplet flow cytometers. The preferred embodiment involves a 
piezoelectric oscillator contained within the sheath fluid above a 
continuously converging nozzle container. This nozzle container 
acts to amplify the oscillations which are directly and 
directionally coupled to the sheath fluid. Further, the location 
Of the substance introduction tube may be adjusted within a 
f convergence zone so as to vary the rate at which the substance is 
introduced relative to the rate at which the sheath fluid is 
: Introduced to maintain optimal conditions. In addition, a 
v *tplaceable nozzle tip is fit within an edge insert and sealed on 
its outer surface so as' to maintain laminar flow and enhance the 
Salification of the oscillation throughout the converging nozzle 
tody. As a result of the combination of these various features, 
present invention not only achieves practical processing at 
: ^ e guencies of many multiples of typical prior art devices, but it 
*^ So achieves these processing rates at oscillation powers which 
13t5^ eever *l orders of magnitude less than those typically utilized. 
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Accordingly, one of the objects of the invention is to provide 
for a low P ower s Y stem which allows high processing rates. In 
jteeping with this object, one goal is to achieve direct coupling of 

oscillations to the sheath fluid and thus minimize any losses 
associated with material interfaces. In keeping with this object, 
another goal is to provide for a system which actually amplifies 

oscillations so as to produce acceptable fluid variations at 
tke nozzle tip. 

yet another object of the invention is to minimize the impacts 
of resonance frequencies within the nozzle system. In keeping with 
tJxis object, a goal is to directionally couple the oscillations to 
the sheath fluid. It is also a goal to isolate the oscillations 
from imparting upon the sheath fluid in more than the desired 
direction. 

A further goal of the invention is to provide for a system 
idiich allows for the maintenance of laminar flow within the entire 
nozzle assembly while allowing for both replaceable nozzle tips and 
for internal variations. The present invention achieves the first 
■ object by providing a design which avoids the unnecessary impacts 
of a seal on the flow condition within the nozzle container. The 
second object is achieved by providing a system which varies the 
location at which a substance is introduced while still maintaining 
optimal, laminar conditions. 

Still another object of the invention is to provide for a 
practically implementable system. In keeping with this object, one 
9foal is to provide a system which can be easily cleaned and for 
Vhich components can be easily replaced. A goal is also providing 

: * design which can be relatively easily and inexpensively 

: manufactured. 



Naturally, further objects of the invention are disclosed 
throughout other areas of the specification and claims. 



p gTBF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic cross sectional view of an embodiment 
0 f the invention showing the various features combined. 

Figure 2 is a plot of the droplet onset energy of prior art 
designs compared to that of the present invention. 

Figure 3 is a schematic cross sectional view of an alternative 
4*sign showing the automatic substance adjustment feature and a 
directionally coupled, external oscillator. 

Figure 4 is a cross sectional view of a replaceable tip design 
according to one embodiment of the invention. 

Figure 5 is a cross sectional view of a prior art replaceable 
nozzle tip design. 

IV. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

As mentioned, the present invention involves an improved flow 
cytometer droplet nozzle system which incorporates a variety of 
futures. As shown in figure 1, the flow cytometer system (1) 
'Involves nozzle container (2) which establishes nozzle volume (3). 
loizle volume (3) is supplied a liquid by sheath fluid port (4) 
Hatch acts to introduce a sheath fluid from some sheath reservoir 
(S). During operation, the sheath fluid flows through nozzle 
container (2) and out nozzle exit (6) into free fall area (7). 

Since the sheath fluid is typically an unreactive substance 
•ttch as a saline fluid and is an analytically transparent, it has 
| Introduced within it some desirable substance such as cells or 
Parts of cells or other items. This substance is maintained in 
■^stance reservoir (8) and is introduced to nozzle volume (3) 
through substance introduction port (9). Through hydrodynamic 
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focusing/ the substance flows and is separated into single cell 
W&ts within the sheath fluid and exits at nozzle exit (6) . 

In order to form regular droplets, the preferred embodiment 
tttili zeS a piezoelectric crystal (10) to cause oscillations (li) 
within the sheath fluid. These oscillations are transmitted as 
pressure variations through to nozzle exit (6) and act to allow jet 
(12) to form regular droplets (13) through the action of surface 
tension. These processes are well understood and are further 
explained in a number of references including the 1992 reference 
entitled "Flow Cytometry and Cell Sorting" by A. Radbruch (© 
Springer-Verlag Berlin Heidelberg) and the 1985 reference entitled 
*Flow Cytometry: Instrumentation and Data Analysis" edited by 
Harvin A. Van Dilla, et al. (© Academic Press Inc. (London) Ltd.) 
each of which are incorporated by reference. 



As shown in figure 1, one of the features of the preferred 
embodiment is the location of piezoelectric crystal (10) within 
nozzle volume 3. By this feature the oscillator acts to initiate 
oscillations (11) within the nozzle volume. The oscillator thus 
may be directly coupled to the sheath fluid. These oscillations 
are transmitted through the sheath fluid as it flows out nozzle 
exit (6) and forms droplets (13) below nozzle (6) in f reef all area 
(7) • Naturally, although shown to be directly below it is possible 
that the nozzle assembly could be oriented on its side or in some 
other relationships and so droplets (13) might form at some other 
location and yet still be characterized as "below" nozzle tip (6) 
since they will form in the direction that jet (12) is emitted from 
nozzle exit (6) . 

As is well understood, by allowing sheath fluid and the 
substance to exit from nozzle container (2), cells or cell 
fragments may be isolated in singular fashion within separate 
droplets (13) for analysis by sensor (14) which feeds its 
information to analysis equipment (15) . Analysis equipment (15) 
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^^^^rovide the necessary data or may act to further process 
'^^lets (13) through some equipment such as an electrode in nozzle 
;^^ Bae (3) in combination with sorting electrostatic field 
^O^iaent (16) as I s well known in the art. When electrostatic 
j^jfcentials are applied, they may be applied differentially to each 
4ropl et based upon the delay in droplet formation. This analysis 
^qpjtipment (15) may also include a separate laser which induces 
fluorescence and the like in specific cells to allow further 
gtnsing and facilitate conducting analysis as well. 

As may be easily understood from figure 1, this type of flow 
sytometer, a droplet flow cytometer, operates quite differently 
from a channel forming flow cytometer. In channel-type flow 
cytometers, oscillators and the theories involved are not relevant 
as no f reef all or droplet formation is required. Further , while 
the nozzle exit orifice is approximately 50 to 150 microns in 
diameter in droplet forming flow cytometers, in channel-type flow 
cytometers, the orifice can be much larger — on the order of 1000 
tticrons. This causes extremely different conditions and has 
resulted in the two fields being treated somewhat differently by 
those involved. 

Another feature of the invention is how the oscillator couples 
to actually cause the formation of droplets (13) . As shown in 
figure 1, the oscillator is in this embodiment piezoelectric 
crystal (10) . While, naturally, a variety of different devices 
could be used in order to achieve oscillation (11) , by using 
piezoelectric crystal (10) a host of different frequencies and 
powers are possible. It should be understood, however, that while 
the use of some piezoelectric crystal is usually the preferred 
technique, the invention should not be considered as limited to 
that type of oscillator as its teachings can be broadly applied. 

As shown in figure 1, piezoelectric crystal (10) is configured 
as a ring-shaped crystal which occupies most of the top end of 
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ftl* container (2) . This ring is mounted directly to nozzle 
^^tAiner (2) in a manner so as to be situated within nozzle volume 



It need not vibrate the nozzle container and, indeed is 



^g&igned to avoid it. Its oscillations (11) may also be made to 
: g&gar generally in a direction parallel to the central axis of 
goxxle container (2) as shown. Further, these oscillations (11) 
essentially coupled to the sheath fluid, not to the nozzle 
er. Thus, rather than taking the directions suggested by 
of the prior art involving moving the actual nozzle container, 
lt{jlg£ present invention acts directly upon the sheath fluid to cause 
e variations within the sheath fluid. These pressure 
ions move down nozzle volume (3) and may actually be 
f|a|pilf ied by the shape of nozzle container (2) so as to cause 
tfiiff ace tensions variations in jet (12) as it emerges from nozzle 
fmfe (6). These variations act to pinch off jet (12) and thus form 
Jpig^ets (13). Since the sheath fluid is not substantially 
^^^^Tessible, these pressure variations may pass relatively 
^Kltteiiuated and in fact may be amplified through nozzle volume (3) 
^achieve the desired droplet formation effect. While others may 



considered the desire to coupling directly to the sheath 
, they failed to recognize ways to do this and did not 
ize that they could have positioned the oscillator within the 



Jpwitth fluid for most efficient coupling. 



8S 



Both the direct coupling of oscillations (11) to the sheath 
Iflfte and the directional nature of the oscillations (11) 
^^flTOribute to the invention 's ability to achieve droplet formation 
wer l ev ^ls which are several orders of magnitude less than 
of the prior art. As may be understood from figure 1, 
isoelectric crystal (10) may directly transfer the vast majority 
energy to the sheath fluid. To further enhance the transfer 
majority of the energy into the sheath fluid (rather than 
nozzle as often suggested by the prior art), the invention may 
!*^* 0 * nc orporate the designing of massive nozzle container elements 
b. k< s to minimize the transfer of energy through these elements. 



H^the 
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W^s* be easily understood, by positioning the oscillator within 
^Ifr* £& eath fluid/ frequency dependencies and resonances which are 
ggesed by the vibration of the entire nozzle container can be 
gft&tly reduced. Thus, contrary to the teachings of the prior art 
tifetch suggested vibrating the entire nozzle container, the present 
juration can specifically avoid such vibrations. This acts to 
'•''jpold resonance frequencies as might occur through vibrations 
pfypandicular to the lines of flow which* may be inevitable whenever 
tiMi entire nozzle assembly is vibrated. Contrary to those 
Ig^chings which have suggested mounting the entire nozzle assembly 
IH, a flexible membrane so as to allow the entire nozzle assembly to 
A0ve, the present invention relies not on movement of nozzle 
li^Wltainer (2) but rather on pressure waves within the sheath fluid 
-nozzle volume (3). This aspect greatly reduces the amount of 
fl|illitttr necessary to cause droplet formation and greatly reduces the 
§|||>earance of resonance frequencies which occur as a result of the 
^^wtlre vibration of nozzle container (2) among other aspects. 



Referring to figure 2, the dramatic impact of these reductions 



mux be understood. 

^•Rtrgy of droplet formation onset versus frequency anticipated for 



Figure 2 shows a conceptual plot of the rough 
rmation onset versus frequency anticipated for 
present invention. As shown in figure 2, the energy (expressed 
terms of volts applied to a given piezoelectric crystal) is 
Ipoticed by orders of magnitude. This reduction has been 
^|PBwnstrated for a number of frequencies. As shown in figure 2, 
g^f?** -prior art which typically operated in the 10- volt range now 
%§*MY requires ten millivolts or so. 

in addition, as shown in figure 2, it can be seen that the 
^$*^°r art was also subject to a great number of resonance frequency 
^^ r ^ ations (shown by the peaks and valleys in the plot of the prior 
• These peaks and valleys were to a large extent caused not 
by the amount of power required but also by designs which were 
fcfcsed upon movement of the entire nozzle assembly rather than 
pressure waves within the nozzle assembly. In sharp 



mm: 



l-untrast to the prior art characteristic conceptually shown in 
o the present invention not only achieves droplet formation 
tilth dramatically lower voltages but it also achieves these levels 
relatively large frequency range with very small resonance 
variations compared to those of the prior art. These relative 
plots are believed to represent significant differences in result 
fcgtveen prior art designs and those of the present invention. 
Uliile naturally variations will occur due to the particular nozzle 
4*figns ultimately chosen, it is believed that through the 
teachings of the present invention these dramatic variations should 
2* practically achievable in many cases. 



Referring again to figure 1, it can be seen that besides 
Uliitrely positioning the oscillator within nozzle volume (3) , the 
Sftftodiment also is designed to minimize the number of material 
Itltoterfaces through which the oscillations must pass before being 
,ed upon the sheath fluid. While, naturally, it would be 
isible to position piezoelectric crystal (10) directly exposed to 
sheath fluid, for contamination and other reasons, the 



llpetferred embodiment allows for the inclusion of protective coating 
lBfi7) over piezoelectric crystal (10) . This protective coating (17) 
Tfliiaiv actually be some type of epoxy or other coating which has no 





lency to interfere either with the sheath material or the 
^•dilations (11) of piezoelectric crystal (10). Again, contrary 
the teachings of the prior art which involve numerous material 
Materfaces between the oscillator and the sheath fluid, the present 
iaswantion minimizes the number of material interfaces through which 
^p#cillations (11) must pass. Since any change in material can 
reflection and energy losses, the preferred design allows for 



mm 



til! 



one interface material such as protective coating (17) . Thus, 
one interface material exists between oscillator surface (18) 
the sheath fluid. By positioning piezoelectric crystal (10) 
►thin nozzle volume (3) not only can the interface material be 
**ted to the simple epoxy coating mentioned, but also, the 
ftpillator surface (18) can be positioned so as to face directly to 
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the sheath fluid. 

As mentioned, another aspect which helps the invention achieve 
its extraordinary reduction in oscillation drive power is the fact 
that the oscillator is directionally coupled to the sheath fluid, 
in order to avoid resonances and energy transmissions in other than 
the desired direction, the present invention recognizes that 
unidirectional coupling is desirable. In order to achieve this, as 
shown in figure 1 the embodiment provides for positioning 
piezoelectric crystal (10) so that it is detached from the sides of 
nozzle container (2) . Since all piezoelectric crystals act in a 
aanner so as to conserve volume during oscillations, this avoids 
coupling the inherent perpendicular oscillations to nozzle 
container (2). Again, through this recognition, the invention can 
achieve a uniform pressure wave within the sheath fluid. Since 
J oscillator surface (18) is oriented perpendicular to the primary 
Pflov direction, the oscillations (11) are coupled substantially 
It' only as a flow direction deemed to be primary, whether the average 
IBjflow direction, a specific location's flow direction, or even the 
^direction at the nozzle exit (6). This allows for the oscillations 
:m ^^o be unidirectionally applied to the sheath fluid and also aids in 
f^Jtfae reduction of resonance frequencies. As shown in figures 1 and 
W{$i this unidirectional coupling can be achieved through the 
*iaclusion of a directional isolator (19). As shown in figure 3, 
directional isolator (19) may be a separate element such as a 
rubber or other material which does not transmit frequencies of the 
^^predominant oscillation frequency. As shown in figure 1, the 
directional isolator (19) may actually be spacer (20). Spacer (20) 
:igj|aay be a separate element or, as shown in figure 1, may be an 
l^iategral portion of the top or cap of nozzle container (2) so as to 
f^fiaply act to space oscillator side (21) away from nozzle container 
. sa - Jl2). The unidirectional coupling of oscillations (11) to the 
Jfjtpheath fluid may be enhanced by making oscillator surface (13) 
vplanar as shown in figure 1 and by making it cover most of the top 

The oscillator is thus established substantially 



■Blrfgprtace area. 
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|§p7 hout a perpendicular cross sectional area (perpendicular to 
^S^^imary flow direction) and will cause oscillations throughout 
Thus t he ring shaped crystal design coordinates the desire to 
^^imize the surface area of oscillator surface (18) with the 
* ! "bidirectional desire by making it match the typically circular 
ft, &oss section of nozzle container (2) . Naturally other shapes can 
K"al»© be used- Further, the coupling, shown in figure 1 and in 
y Cfigure 3 as the P ortion of the to P section of the nozzle container 
fj^|2) may also be planar and may also be coupled along only one 
I&yHne. These each contribute to making the main oscillation area 
'T^ause only one direction of oscillation as can be easily 
flfSaderstood . 




To further enhance the reduction in oscillation power 
.evable through the present invention, nozzle container 2 is 
designed as a continuously converging nozzle container. This 
to not only maintain laminar flow throughout nozzle volume 
but also to effectively amplify oscillations (11) as they 
favel in pressure waves through the sheath fluids from 
Isoelectric crystal (10) to nozzle exit (6) . As may be 
■stood from figure 1, by continuously converging it is not 
tt that nozzle volume (3) must constantly or uniformly converge 
►ughout its length, rather, it need only converge at all 
itions. Thus, nozzle volume (3) has a largest cross-sectional 
located at or near its top and has continuously diminishing 
»Bs-se.ctional areas along its length through to nozzle exit (6) . 

Having a continuously converging nozzle container also helps 
ififcaintaining laminar flow up to nozzle exit (6) . In this regard 
HjHEXe exit (6) should be understood to exist not only at the 
H end location of the orifice but more accurately at the point 
I^Hhich there is a significant increase in the pressure gradient 
j*a to make changes in the angle of convergence less important, 
the teachings of the prior art which frequently involve 
£lght cylindrical sections within nozzle container (2) , this 
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of the invention specifically avoids such possibilities. 
is somewhat surprising and may be treated with skepticism by 




of ordinary skill in the art because traditional theories 
that once laminar flow is established such flow should 
^^jjiue in most applications when the nozzle container does not 
0gpsn& sharply- In contrast, this aspect of the invention suggests 
-e. While these traditional laminar flow theories may be 
sriate in some instances, the continuous convergence of the 
fluid appears desirable in most droplet flow cytometers. To 
extent this may be due to the fact that the required 
teration of the sheath fluid and pressure, and the resulting 
je in the friction of the sheath fluid against nozzle 
ler (2), each make a constant convergence desirable to avoid 
lar flow results. Basically it has been empirically found 
^through a continuously converging nozzle container optimal 
ttions for maintaining laminar flow can be created. 

tin addition to the aspect of maintaining laminar flow, the 
tously converging nozzle container can provide amplification 
oscillations (11) . Similar to horn and other designs , the 
ious convergence combines with the principals of conservation 
|mergy so that the amplitude of the oscillations actually 
:es as it passes from piezoelectric crystal (10) to nozzle 
(6) • This amplification may be maximized not only by 
Slioning the oscillator at or near the largest cross-sectional 
Jbut also by making oscillator surface (18) to have an area 
fcially as large as the largest cross-sectional area. In 
Regard by "substantially" it is meant that the oscillator 
be as large as practically possible after consideration of 
leal desire to introduce substance through the center axis 
*«le volume (3) as well as this invention's unique desire to 
oscillator side (21) spaced apart from nozzle container 
^fbe amplification may also be enhanced by providing for 
ous convergence from sheath fluid port (4) through to nozzle 
As mentioned earlier, each of the foregoing aspects also 
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jtribute to the present invention's extraordinary reduction in 
power requirements. 



plpfr- TO create oscillations (11), piezoelectric crystal (10) is 
tjp&*r*d through an alternating voltage source (22) as those skilled 
art can easily understand. Through the teachings of the 
||t«f«nt invention, alternating voltage source (22) may be 
JgSkfigured to stimulate the oscillator with the voltage amplitude 
P»W than 100 millivolts and thus represents orders of magnitude 
p|l;^E»duction in the typical voltage applied to piezoelectric 
*|||it*ls in such systems. This voltage may be greater than 10 
siJWttvoits or so as that was a representative level at which 
L«t formation seems to occur. it should be understood, 
rer, that this limitation should not be taken as a lower limit 
the teachings of this invention may become refined and 
itive designs may be developed which result in further 
fcion in power. 



pet another independent feature of the present invention is 
'sign to allow the nozzle section to be easily replaced or 
* while permitting laminar flow. Referring to figure 4, it 
seen that the entire nozzle container (2) may be made of 
ll components. Nozzle container (2) may consist of cap 
Ion (23) to which piezoelectric crystal (10) may be attached, 
action (23) may be attached in some sealing fashion or may 
fee integral to nozzle body (24) as shown in figure l. 
i*/ lY ' n ° 2Zle hod y < 24 > ma y be sealingly attached to nozzle tip 
Each of these seals may consist of O-rings as but one 
of the types of seals shown in figure 4. Nozzle tip (25) 
~ a ceramic fabricated item which includes an exit situated at 
P- This exit may actually be an orifice made through 
tques known by those skilled in the art (such as the use of 
wire and the like) so as to create a small orifice of 
50 to 150 microns in diameter. 
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0nli ke the des ^9 ns shown i n tiie prior art such as those shown 
^ y #imire 5/ nozzle tip (25) need not be sealed to nozzle body (24) 
inner surface. Instead, the nozzle body inner surface (26) 
in* smoothly with the nozzle tip inner surface (27) at tip joint 
This smooth transition is to the degree necessary to 

pi) ♦ 

Ig^jitain laminar flow in the particular application. It can be 
ir ft4 ftved through the inclusion of edge insert (29) within nozzle 
%#8g (24) s° as to allow nozzle tip (25) to be inserted into nozzle 
(24)* In th ^ s fashion seal (30) can be positioned so as to 
Ipgtact the outer surface (31) of nozzle tip (25) and thus avoid 
Ittf .adverse impacts on laminar flow within nozzle volume (3) . By 
|y^ting seal (30) off of inner surface (27) of nozzle tip (25), 
can be kept away from areas which are important to laminar 
^^f f As may be understood, a great variety of designs may be 
¥^r: i^gked to achieve this goal. Importantly, it should be 
tood that inner surface (27) of nozzle tip (25) is defined 
y with respect to its function, namely, the surface which 
s and directs the flow of sheath fluid of nozzle volume (3) . 
«r, the definition of "smooth" is also relatively defined as 
p:transitions which do not significantly interrupt laminar flow 
j|&tts do not degrade the performance of the flow cytometer. It 
d also be understood that the seal between any two components 
as the seal between nozzle body (24) and nozzle tip (25) may 
ect or indirect through the use of intervening materials or 
ts. 



||let another independent aspect of the invention is the aspect 
*g able to adjust the location at which the substance is 
ittced. As mentioned earlier, ' those skilled in the art have 
Recognized the need to achieve variations in the entire 
ls to accommodate variations in conditions practically 
|ienced. As shown in figure 3, the present invention affords 
»ility to vary the rate at which substance is introduced 
disrupting laminar flow and the like. This is achieved 
positioning substance introduction port (9) within 
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zone (32) as may be easily understood and by varying 
location of substance introduction port (9) within convergence 
n2 ). As shown, substance introduction port (9) may move 
the primary flow direction to maintain an optimal 
;^^ ationS hip to the flow of the sheath fluid. Through this 
* ,y|^^inicyue , the relative concentrations of the substance introduced 
^^ft the sheath fluid can be varied. This can act to avoid the 
f^£$§olution drop and the like which the prior art appeared to 
RS^qiiMlder unavoidable as they adapted to changing conditions. 

life . 

Further, since it may be desirable to maintain equal 
tocities at substance introduction port (9) , and since substance 
(33) may be moved, it is possible to include a controller (34) 
tch receives signals from some type of sensor (14) and which may 
l to control a movement mechanism (35) and thus automatically 
|ust the location of substance introduction port (9) within 
ble container (2) . Further, controller (34) may act to 
Ltionally control the pressure of substance reservoir (8) and 
ith reservoir (5) for automatic correlation of the various 
>rs based upon location or other parameters sensed. Since the 
retical relationship between these factors is well known for 
il conditions and since the programming or wiring of such a 
Ign could be easily achieved by those skilled in the art, a 
fifcty of designs may be implemented to achieve this goal. Given 
^great variety of flow cytometer systems possible, it should be 
rstood that a great variety of sensed values may be used 
jfing from concentration of the substance contained within 
mce reservoir (8) , to the actual location of substance 
taction port (9) , to the pressure of the various sheath fluid 
^stance fluids, to some other property of the substance sensed 
|«€nsor (14) . Each of these — or any combination of them and 
factors — may be adjusted automatically to achieve desired 
ktionships or to simply optimize results without regard to the 
& predicted values. Naturally, in keeping with this broad 
*Pt it should be understood that sensor (14) may not be just 
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^sensor but may in fact be a host of different sensors 
at various locations depending upon the particular 
n existing within the flow cytometer desired to be sensed. 
0 f course, the sensor (14) will only ascertain specific 
these values can indicate results which may be used to more 
ely adjust the location of the substance introduction 




Similarly/ a host of different designs for the location 
;ter (shown in figure 3 as movement mechanism (35)) are 
JLble. The location adjuster may also include some type of 
means (36) , that is, some type of device which allows 
lively continuous movement with fine adjustment. It may also 
e telescoping substance tube (37) (shown in figure 3 as 
litially a redundant location adjuster for illustrative purposes 
f) or perhaps some type of slide design through the cap section, 
lications in which the conditions remain relatively stable, 
lacement substance tube of fixed length may also be provided. 
uf various substance tubes may be selected based upon the 
fcions encountered in that particular type of application. In 
^fashion, the limitation experienced by the prior art whereby 

atlons in pressure were used but undesirably resulted in 

• 

1 fluid velocities at the location of substance introduction 
(9) can be avoided. This affords an increase in the 
SLtttion. 



|||,The foregoing discussion and the claims which follow describe 
preferred embodiment of the present invention. Particularly 
Respect to the claims and the broad concept discussed, it 
M* be understood that changes may be made without departing 
^the essence of this patented invention. It is intended that 
Sfcs are permissible to accommodate varying applications and 
fall within the scope of this patent. It is simply not 
lineal to describe and claim all possible revisions nor is it 
§£ c al to claim all combinations of the varying features. To 



-19- 



; ^ tent revisions utilize the essence of the present invention, 
vould naturally fall within the breath or protection 
ssed by this path. This is particularly true for the 
^ -•>••• fc invention since its basic concepts and understandings are 
^^gaental in nature and can be broadly applied. It is also 
true since the present invention involves a number of 
independent features which may be combined in 
^^rgistic ways for particular applications. 



A method of creating a droplet from a jet of a flow cytometer 

comprising the steps of: 

a. establishing a nozzle volume; 

b* introducing a flow of sheath fluid into said nozzle 
volume; 

c. introducing a flow of a substance within said sheath 
fluid in said nozzle volume; 

establishing an oscillator coupled to said nozzle volume; 

e. applying an alternating voltage with an amplitude of less 
than one hundred millivolts to said oscillator; 

f. allowing said sheath fluid to exit from said nozzle 
volume; and 

g. forming at least one droplet from said sheath fluid after 
allowing said sheath fluid to exit from said nozzle 
volume . 



A method of creating a droplet from a jet of a flow cytometer 
as described in claim 1 wherein the amplitude of said 
alternating voltage is about ten millivolts. 

A method of creating a droplet from a jet of a flow cytometer 
as described in claim 1 wherein said oscillator is established 
w ithin said nozzle volume. 



-20- 



method of creating a droplet from a jet of a flow cytometer 
described in claim 3 wherein said nozzle volume has a 
perpendicular cross sectional area and wherein said oscillator 
is established substantially throughout said perpendicular 
cross sectional area. 



life • 



a jaethod of creating a droplet from a jet of a flow cytometer 
described in claim 3 wherein said oscillator is 



as 



unidirectionally coupled to said sheath fluid. 

A method of creating a droplet from a jet of a flow cytometer 
as described in claim 1, 4, or 5 and further comprising the 
f|f^«tep of continuously converging said sheath fluid within said 
"'^K' 'nozzle volume. 

A system for creating a droplet from a jet of a flow cytometer 
;;comprising: 

m ;a. a nozzle container establishing a nozzle volume and 
£ having a nozzle exit; 

a sheath fluid port located within said nozzle volume 
wherein said sheath fluid port introduces a sheath fluid; 
a substance introduction port located within said nozzle 
volume ; 

an oscillator to which said sheath fluid is responsive; 
an alternating voltage source having an alternating 
voltage amplitude of less than one hundred millivolts 
-connected to said oscillator; and 

a free fall area below said nozzle exit and within which 
said droplet forms. 



a. 



gfA system for creating a droplet from a jet of a flow cytometer 
j*S described in claim 7 wherein said alternating voltage 
paplitude is about ten millivolts. 
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^system f ° r creat ^" ng a dro Pi et from a jet of a flow cytometer 
mm described in claim 7 wherein said oscillator is within said 
^aszle container. 



£ system for creating a droplet from a jet of a flow cytometer 
|m described in claim 9 wherein said nozzle container has a 
section and wherein said oscillator comprises a 
piezoelectric crystal contained within said sheath fluid and 
Attached to said cap section. 

system for creating a droplet from a jet of a flow cytometer 
described in claim 10 wherein said sheath fluid port 
Itroduces a sheath fluid, wherein said oscillator has an 
:illator surface which faces said sheath fluid, and further 
>rising an interface material between said oscillator 
*ace and said sheath fluid which consists essentially of a 
*tective coating. 

!; system for creating a droplet from a jet of a flow cytometer 
B described in claim 9 wherein said nozzle container has a 
jest perpendicular cross sectional area and wherein said 
f»cillator is located at said largest perpendicular cross 
:ional area and is substantially as large as said largest 
?endicular cross sectional area. 



:«ystem for creating a droplet from a jet of a flow cytometer 
described in claim 10 wherein said oscillator has an 
-illator side and further comprising a spacer which 
Attains said oscillator side detached from said nozzle 
itainer. 

£**Ystea for creating a droplet from a jet of a flow cytometer 
I* described in claim 7 or 12 wherein said nozzle container 
-tttinuously converges. 



,«,-t-*»m for creating a droplet from a jet of a flow cytometer 
1- described in claim 14 wherein said converging nozzle 
Ifilt container continuously converges from said sheath fluid port 
Slfto said nozzle exit. 

HSpfc s ystem for creating a droplet from a jet of a flow cytometer 
* described in claim 14 wherein said converging nozzle 
^container comprises: 
ffek a nozzle body having an inner surface; 

^ # a nozzle tip having an inner surface; and 
^ © # a seal located off of said inner surface of said nozzle 
tip and to which both said nozzle body and said nozzle 
tip are responsive. 

llaethod of creating a droplet from a jet of a flow cytometer 
Ifeomprising the steps of: 
jjfc- establishing a nozzle volume; 

introducing a flow of sheath fluid into said nozzle 
volume; 

introducing a flow of a substance within said sheath 
fluid in said nozzle volume; 

initiating an oscillation within said nozzle volume; 
allowing said sheath fluid to exit from said nozzle 
volume; and 

forming at least one droplet from said sheath fluid after 
allowing said sheath fluid to exit from said nozzle 
volume . 

fttfcthod of creating a droplet from a jet of a flow cytometer 
described in claim 17 wherein said step of initiating an 
illation within said nozzle volume comprises the step of 

tablishing an oscillator within said sheath fluid. 

J- 

gifcthod of creating a droplet from a jet of a flow cytometer 
described in claim 17 wherein said oscillation passes 



>ugh a sisiterial interface and further comprising the step 
^jjiimizing the number of material interfaces which said 
: feciH ation must P ass through. 

method of creating a droplet from a jet of a flow cytometer 
§ described in claim 19 wherein said oscillation is created 
an oscillator and wherein said oscillation passes through 
%BXy a protective coating on said oscillator before imparting 
n said sheath fluid. 

method of creating a droplet from a jet of a flow cytometer 
described in claim 19 wherein the flow of said sheath fluid 
a primary flow direction and wherein said step of 
lizing the number of material interfaces which said 
:illation must pass through comprises the step of coupling 
Id oscillation in substantially only said primary flow 
rection. 



sthod of creating a droplet from a jet of a flow cytometer 
described in claim 17 and further comprising the step of 
rectly transferring said oscillation to said sheath fluid. 



>aethod of creating a droplet from a jet of a flow cytometer 
; described in claim 17, 18, or 22 and further comprising the 
&p of unidirectionally applying an oscillation to said 
Ifteath fluid. 

Tfcethod of creating a droplet from a jet of a flow cytometer 
* described in claim 23 and further comprising the step of 
**ectionally isolating said oscillation. 

l7 l^^kod of creating a droplet from a jet of a flow cytometer 
~f Ascribed in claim 17 and further comprising the step of 
wsctionally isolating said oscillation. 
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|§ ' Be thod of creating a droplet from a jet of a flow cytometer 
W^y described in claim 24 wherein said step of isolating said 
' CSciH at ^ on comprises the step of coupling said oscillation to 
s aid sheath fluid along only one plane. 

A system for creating a droplet from a jet of a flow cytometer 
comprising: 

a. a nozzle container establishing a nozzle volume and 
having a nozzle exit; 

a sheath fluid port located within said nozzle volume 
wherein said sheath fluid port introduces a sheath fluid; 
a substance introduction port located within said nozzle 
volume; 

an oscillator within said nozzle container; and 
a free fall area below said nozzle exit and within which 
said droplet forms, 

|jk system for creating a droplet from a jet of a flow cytometer 
fas described in claim 27 wherein said sheath fluid port 
llatroduces a sheath fluid and wherein said oscillator 
%^oaprises a piezoelectric crystal contained within said sheath 
||Xuid. 

.system for creating a droplet from a jet of a flow cytometer 
* described in claim 27 wherein said sheath fluid port 
Introduces a sheath fluid, wherein said oscillator has an 
sillator surface which faces said sheath fluid, and further 
uprising an interface material between said oscillator 
face and said sheath fluid which consists essentially of a 
tective coating. 

TP*? 1 * 
lip' > 

|f ;/ *ystem for creating a droplet from a jet of a flow cytometer 
described in claim 27 wherein said nozzle container 
arises : 
a cap section; 
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a nozzle body sealed to said cap section; and 
a nozzle tip having said nozzle exit situated thereon, 
wherein said nozzle tip is sealed to said nozzle body, 
and wherein said sheath fluid flows through said nozzle 

tip. 



system for creating a droplet from a jet of a flow cytometer 
^s described in claim 27 wherein said oscillator has an 
%»cil lator surface vhich faces said sheath fluid and wherein 
aaid oscillator surface is planar. 
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system for creating a droplet from a jet of a flow cytometer 
described in claim 27 or 28 wherein said sheath fluid port 
itroduces a sheath fluid and further comprising a coupling 
is only planar and which couples said oscillator to said 
aeath fluid. 

"system for creating a droplet from a jet of a flow cytometer 
described in claim 32 and further comprising a directional 
lolator between said oscillator and said nozzle container. 

Ik 

System for creating a droplet from a jet of a flow cytometer 
.described in claim 33 wherein said oscillator emits a 
Icminant frequency and wherein said directional isolator is 
Efective at said predominant frequency. 

* y „' 

|4System for creating a droplet from a jet of a flow cytometer 
described in claim 33 wherein said oscillator has an 
sillator side and wherein said directional isolator 
uprises a spacer which maintains said oscillator side 
icfaed from said nozzle container. 

Il^thod of creating a droplet from a jet of a flow cytometer 
rising the steps of: 
establishing a nozzle volume; 
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introducing a flow of sheath fluid into said nozzle 
volume; 

introducing a flow of a substance within said sheath 
fluid in said nozzle volume; 
£ unidirectionally applying an oscillation to said sheath 
fluid; 

0 allowing said sheath fluid to exit from said nozzle 
volume; and 

f . forming at least one droplet from said sheath fluid after 
allowing said sheath fluid to exit from said nozzle 
volume. 

& method of creating a droplet from a jet of a flow cytometer 
rmm described in claim 36 wherein said step of unidirectionally 
Applying an oscillation to said sheath fluid comprises the 

Step of directionally isolating said oscillation. 

fjk method of creating a droplet from a jet of a flow cytometer 
Ims described in claim 37 wherein said step of isolating said 
^oscillation comprises the step of coupling said oscillation to 
fsaid sheath fluid along only one plane. 



■A system for creating a droplet from a jet of a flow cytometer 
|coaprising: 

a nozzle container establishing a nozzle volume and 
having a nozzle exit; 

a sheath fluid port located within said nozzle volume 
wherein said sheath fluid port introduces a sheath fluid; 
a substance introduction port located within said nozzle 
volume; 

a free fall area below said nozzle exit and within which 
said droplet forms; 

an oscillator to which said sheath fluid is responsive; 
and 
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a unidirectional coupling which couples said oscillator 
to said sheath fluid, 

E jL system for creating a droplet from a jet of a flow cytometer 
|L* described in claim 39 wherein said unidirectional coupling 
tco»prises a surface which is only planar. 

|^ system for creating a droplet from a jet of a flow cytometer 
1it» described in claim 39 and further comprising a directional 
lolator between said oscillator and said nozzle container. 

system for creating a droplet from a jet of a flow cytometer 
described in claim 41 wherein said oscillator emits a 
-edominant frequency and wherein said directional isolator is 
•fective at said predominant frequency. 

^system for creating a droplet from a jet of a flow cytometer 
described in claim 41 wherein said oscillator has an 
sillator side and wherein said directional isolator 
:rises a spacer which maintains said oscillator side 
iched from said nozzle container. 



method of creating a droplet from a jet of a flow cytometer 
rising the steps of: 
establishing a nozzle volume; 

introducing a flow of sheath fluid into said nozzle 
volume ; 

-continuously converging said sheath fluid; 
introducing a flow of a substance within said sheath 
fluid in said nozzle volume; 

fallowing said sheath fluid to exit from said nozzle 
i volume; and 

forming at least one droplet from said sheath fluid after 
allowing said sheath fluid to exit from said nozzle 
.Volume. 
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A method of creating a droplet from a jet of a flow cytometer 
as described in claim 44 wherein said flow cytometer has a 
nozzle body and nozzle tip and wherein said step of 
continuously converging said sheath fluid comprises the step 
of establishing a smooth transition from said nozzle body to 
said nozzle tip. 

A method of creating a droplet from a jet of a flow cytometer 
as described in claim 44 wherein said nozzle volume has a 
largest perpendicular cross sectional area and further 
comprising the step of applying an oscillation to said sheath 
fluid at said largest perpendicular cross sectional area. 

A method of creating a droplet from a jet of a flow cytometer 
as described in claim 46 wherein said step of applying an 
oscillation to said sheath fluid is accomplished substantially 
throughout said largest perpendicular cross sectional area. 

A method of creating a droplet from a jet of a flow cytometer 
as described in claim 44 and further comprising the step of 
establishing an oscillator within said sheath fluid. 

A method of creating a droplet from a jet of a flow cytometer 
as described in claim 48 wherein said oscillator establishes 
an oscillation and wherein said oscillation passes through a 
material interface and further comprising the step of 
minimizing the number of material interfaces which said 
oscillation must pass through. 

A method of creating a droplet from a jet of a flow cytometer 
as described in claim 49 wherein said oscillation passes 
through only a protective coating on said oscillator before 
imparting on said sheath fluid. 



A B ethod of creating a droplet from a jet of a flow cytometer 
as described in claim 49 wherein the flow of said sheath fluid 
has a primary flow direction and wherein said step of 
minimizing the number of material interfaces which said 
oscillation must pass through comprises the step of coupling 
said oscillation in substantially only said primary flow 
direction. 

A method of creating a droplet from a jet of a flow cytometer 
as described in claim 48 and further comprising the step of 
directly coupling said oscillator to said sheath fluid. 

A method of creating a droplet from a jet of a flow cytometer 
as described in claim 44, 48, 49 or 51 and further comprising 
the step of unidirectionally applying an oscillation to said 
sheath fluid. 

A method of creating a droplet from a jet of a flow cytometer 
as described in claim 53 and further comprising the step of 
directionally isolating said oscillation. 

A method of creating a droplet from a jet of a flow cytometer 
as described in claim 54 wherein said step of isolating said 
oscillation comprises the step of coupling said oscillation to 
said sheath fluid along only one plane. 

A system for creating a droplet from a jet of a flow cytometer 
comprising: 

a. a continuously converging nozzle container establishing 
a nozzle volume and having a nozzle exit; 
a sheath fluid port located within said nozzle volume 
wherein said sheath fluid port introduces a sheath fluid; 

c - a substance introduction port located within said nozzle 
volume; and 



a free fall area below said nozzle exit and within which 
said droplet forms. 



A system for creating a droplet from a jet of a flow cytometer 
as described in claim 56 wherein said continuously converging 
no22 le container comprises: 

a a continuously converging nozzle body having an inner 
surface; 

j) # a continuously converging nozzle tip having said nozzle 
exit situated thereon, wherein said continuously 
converging nozzle tip has an inner surface and is sealed 
to said nozzle body, and wherein said sheath fluid flows 
through said nozzle tip; and 

c. a tip joint wherein said tip joint smoothly transitions 
the inner surface of said nozzle body to the inner 
surface of said nozzle tip. 

A system for creating a droplet from a jet of a flow cytometer 
as described in claim 56 wherein said converging nozzle 
container continuously converges from said sheath fluid port 
to said nozzle exit. 

A system for creating a droplet from a jet of a flow cytometer 
as described in claim 56 wherein said nozzle container has a 
largest perpendicular cross sectional area and further 
comprising an oscillator to which said sheath fluid is 
responsive and which is located at said largest perpendicular 
cross sectional area. 

A system for creating a droplet from a jet of a flow cytometer 
as described in claim 59 wherein said oscillator has an 
oscillator surface area and wherein said oscillator surface 
area is substantially as large as said largest perpendicular 
cross sectional area. 



A system for creating a droplet from a jet of a flow cytometer 
a s described in claim 56 and further comprising an oscillator 
within said converging nozzle container. 



0 A system for creating a droplet from a jet of a flow cytometer 
as described in claim 61 wherein said oscillator comprises a 
piezoelectric crystal contained within said sheath fluid. 



A system for creating a droplet from a jet of a flow cytometer 
as described in claim 62 wherein said oscillator has an 
oscillator surface which faces said sheath fluid, and further 
comprising an interface material between said oscillator 
surface and said sheath fluid which consists essentially of a 
protective coating. 

A system for creating a droplet from a jet of a flow cytometer 
as described in claim 56 and further comprising: 

a, an oscillator to which said sheath fluid is responsive; 
and 

b. a coupling which is only planar and which couples said 
oscillator to said sheath fluid. 



IfSit a system for creating a droplet from a jet of a flow cytometer 
4r as described in claim 61 or 63 and further comprising a 
" coupling which is only planar and which couples said 
, oscillator to said sheath fluid. 

KfS* A system for creating a droplet from a jet of a flow cytometer 
as described in claim 64 and further comprising a directional 
^ isolator between said oscillator and said nozzle container. 



A system for creating a droplet from a jet of a flow cytometer 
*s described in claim 66 wherein said oscillator emits a 
Predominant frequency and wherein said directional isolator is 
effective at said predominant frequency. 
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£ system for creating a droplet from a jet of a flow cytometer 
a s described in claim 66 wherein said oscillator has an 
oscillator side and wherein said directional isolator 
com prises a spacer which maintains said oscillator side 
detached from said nozzle container* 

& method of creating a droplet from a jet of a flow cytometer 

comprising the steps of: 

a# establishing a nozzle volume; 

introducing a flow of sheath fluid into said nozzle 

volume; 

c. converging said sheath fluid in a convergence zone; 

d. introducing a flow of a substance at a location within 
said sheath fluid in said convergence zone; 

e. adjusting the location at which said substance is 
introduced within said convergence zone; 

f. allowing said sheath fluid to exit from said nozzle 
volume; and 

g. forming at least one droplet from said sheath fluid after 
allowing said sheath fluid to exit from said nozzle 
volume. 



A method of creating a droplet from a jet of a flow cytometer 
as described in claim 69 wherein said step of adjusting the 
location at which said substance is introduced within said 
convergence zone comprises the step of establishing the 
desired concentration of said substance relative to said 
sheath fluid. 

A method of creating a droplet from a jet of a flow cytometer 
as described in claim 69 or 70 wherein said step of adjusting 
the location at which said substance is introduced within said 
convergence zone comprises the step of establishing laminar 
flow of said substance within said sheath fluid. 




t acthod of creating a droplet from a jet of a flow cytometer 
■ ■ described in claim 69 and further comprising the step of 
conducting an analysis of said droplet and wherein said step 
0 f adjusting the location at which said substance is 
introduced within said convergence zone comprises the step of 
optimizing the results of said analysis. 

* method of creating a droplet from a jet of a flow cytometer 
as described in claim 69 wherein said step of adjusting the 
location at which said substance is introduced within said 
convergence zone is automatic. 

A method of creating a droplet from a jet of a flow cytometer 
as described in claim 72 wherein said step of adjusting the 
location at which said substance is introduced within said 
convergence zone comprises the steps of: 

' a. sensing values representative of conditions within said 
..*- flow cytometer; and 

-rb. automatically moving said location based upon said sensed 
values . 
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A method of creating a droplet from a jet of a flow cytometer 
as described in claim 74 wherein said conditions are at least 
one of the following: 

a. the pressure of said sheath fluid; 
the pressure of said substance; 
the location at which said droplet is formed; 
the rate at which droplet is determined to contain some 
of said substance; or 
a property of said substance. 



c. 

a. 



A method of creating a droplet from a jet of a flow cytometer 
as described in claim 69 wherein said substance is introduced 
though a substance tube and wherein said step of adjusting 
the location at which said substance is introduced within said 
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Convergence zone comprises the step of replacing said 



substance 



tube. 
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s ystem for creating a droplet from a jet of a flow cytometer 
comprising: 

a a nozzle container establishing a nozzle volume and 
having a nozzle exit; 

a sheath fluid port located within said nozzle volume 
wherein said sheath fluid port introduces a sheath fluid; 
a flow convergence zone within said nozzle volume; 
a substance introduction port located within said flow 
convergence zone; 

a location adjuster to which said substance introduction 
port is responsive; 

a free fall area below said nozzle exit and within which 
said droplet forms. 



> 

c. 
d. 



f. 



m 



lh system for creating a droplet from a jet of a flow cytometer 
/as described in claim 77 wherein said substance introduction 
■port comprises a substance tube having a fixed length and 
wherein said location adjuster comprises a replacement 
'substance tube. 



A system for creating a droplet from a jet of a flow cytometer 
as described in claim 77 wherein said convergence zone has a 
primary flow direction and wherein said location adjuster 
comprises a screw means which moves said substance 
introduction port along said primary flow direction. 



A system for creating a droplet from a jet of a flow cytometer 
V »s described in claim 79 wherein said location adjuster 
K comprises a telescoping substance tube which moves said 
;y substance introduction port along said primary flow direction. 



s y S tem for creating a droplet from a jet of a flow cytometer 
described in claim 77 and wherein said location adjuster 

comprises: 

a# a sensor; 

b a controller responsive to said sensor; and 

- a movement mechanism responsive to said controller 

and wherein said substance introduction port is 

responsive to said movement mechanism. 

A system for creating a droplet from a jet of a flow cytometer 
as described in claim 81 wherein said substance introduction 
port introduces a substance and wherein said sensor senses at 
least one of the following: 

a. the pressure of said sheath fluid; 

b. the pressure of a substance introduced at a location 
within said sheath fluid in said convergence zone; 

c. the location at which said droplet is formed; 

d. the rate at which droplet is determined to contain some 
of said substance; or 

e. a property of said substance. 

A system for creating a droplet from a jet of a flow cytometer 
comprising: 

a. a nozzle body having an inner surface; 

b. a nozzle tip having an inner surface; 

c. a seal located off of said inner surface of said nozzle 
tip and to which both said nozzle body and said nozzle 
tip are responsive; 

d. a sheath fluid port located within said nozzle volume 
wherein said sheath fluid port introduces a sheath fluid; 

e. a substance introduction port located within said nozzle 
volume; and 

f • a free fall area below said nozzle exit and within which 
said droplet forms. 



^ system for creating a droplet from a jet of a flow cytometer 
as described in claim 83 wherein said nozzle tip has an outer 
surface and wherein said seal contacts said outer surface of 
said nozzle tip. 

A system for creating a droplet from a jet of a flow cytometer 
as described in claim 83 or 84 wherein said nozzle body has an 
inner surface and further comprising an edge insert on said 
inner surface of said nozzle body. 
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A droplet forming flow cytometer system allows high speed 
process ing without the need for high oscillator drive powers 
$&rough the inclusion of an oscillator or piezoelectric crystal 
nithin the nozzle volume and directly coupled to the sheath fluid. 

nozzle container continuously converges so as to amplify 
unidirectional oscillations which are transmitted as pressure waves 
through the nozzle volume to the nozzle exit so as to form droplets 
g£0B the fluid jet. The oscillator is directionally isolated so as 
t>0 avoid moving the entire nozzle container so as to create only 
■prtssxire waves within the sheath fluid. A variation in substance 
?€Cmcentration is achieved through a movable substance introduction 
;port which is positioned within a convergence zone to vary the 
Jl»lative concentration of substance to sheath fluid while still 
^;*iintaining optimal laminar flow conditions. This variation may be 
"«ltoaatically controlled through a sensor and controller 
^configuration. A replaceable tip design is also provided whereby 
ceramic nozzle tip is positioned within an edge insert in the 
JWWZle body so as to smoothly transition from nozzle body to nozzle 
:t&p. The nozzle tip is sealed against its outer surface to the 
^nozzle body so it may be removable for cleaning or replacement. 
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^JWEreet, Suite 701, Fort Collins, CO 80521, and whose registration 
|B»ber before the United States Patent and Trademark office is 
M,997, as my attorney to prosecute this application entitled 
lf§Bigh Speed Flow Cytometer Droplet Formation System" and to 
transact all business in the Patent Office connected therewith. 



QQas (hy v Qu&^y 



Ger Van den Engh 



STATES OF AMERICA ) 



COCNTY 



OF J/W^U^j.^' 
OF ^t^L 



a— 



) 
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7 



SUBSCRIBED AND SWORN to before me in the County of Jkx^y , 

^ United States of America, by Ger Vaiy^den 



J&ftte Of ma-*-w~~-~ ^ / r -—7 r 

fngh/ this y day of October, 1994. ^ 

„ll WITNESS my hand and official seal pursuant to the^ authority 
fe^ttsted in me as a Notary Public by the State of /JLjx^&k& il j 



Notary Public / 
M^Commission Expirees 




Express Mail No: EL696071020US 
Attorney Docket: Cyto-Nozzle-Div 



IN THE UNITED STATES PATENT AND 
TRADEMARK OFFICE 



In Re the Application of: Ger Van den Engh 



Serial Number: 

Filed: 

For: 

Group Art Unit: 

Examiner: 
Assignee: 



Original: 08/323,270 
Parent (CPA): 08/627,963 



New: 



Original: October 14, 1994 New: 
Parent (CPA): September 8, 1997 



Flow Cytometer Droplet Formation System 

[Old Title: High Speed Flow Cytometer Droplet Formation System] 



Original: 1809 
Parent: 1743 

Original: J. Housel 

University of Washington 



New: 



New: 



CERTIFICATE OF EXPRESS MAILING 

I, Shannon Nation-Kammerer, hereby certify to the truth of the following items: 

1 . I am an employee of Santangelo Law Offices, P.C., 125 South Howes, Third Floor, 
Fort Collins, Colorado 80521. 

2. I have this day deposited the attached newly executed Associate Power of Attorney 
under 37 C.F.R. §1 .34(b) with the United States Postal Service as "Express Mail" for mailing to the 
Assistant Commissioner for Patents, Washington, D.C. 20231. 



Dated this [&\ day of October, 2000. 






Express Mail No: EL696071020US 
Attorney Docket: Cyto-Nozzle-Div 



IN THE UNITED STATES PATENT AND 
TRADEMARK OFFICE 



In Re the Application of: Ger Van den Engh 



Serial Number: 



Filed: 



For: 



Group Art Unit: 



Examiner: 



Assignee: 



Original: 08/323,270 
Parent (CPA): 08/627,963 



New: 



Original: October 14, 1994 New: 
Parent (CPA): September 8, 1997 



Flow Cytometer Droplet Formation System 

[Old Title: High Speed Flow Cytometer Droplet Formation System] 



Original: 1809 
Parent: 1743 



New: 



Original: 
Parent: 



J. Housel 
J. Ludlow 



New: 



University of Washington 



ASSOCIATE POWER OF ATTORNEY UNDER 37 C.F.R. §1.34(b) 

I, Luke Santangelo, USPTO Registration Number 31,997, as principal attorney in the above- 
identified application for Letters Patent, hereby appoint: 



Craig R. Miles 
Chad C. Soliz 



USPTO Reg. No. 45,954 
USPTO Reg. No. 47,101 



as associate attorneys with full power. 

Please further note the current correspondence address for the above mentioned attorneys is: 
Santangelo Law Offices, P.C., 125 South Howes, Third Floor, Fort Collins, CO 80521. 

Dated this day of October, 2000. 



Respectfully Submitted, 



SANTANGELO LAW OFFICES, P.C. 




ATTORNEY FOR APPLICANT 

PTO No. 31,997 

125 South Howes, Third Floor 

Fort Collins, Colorado 80521 

(970)224-3100 
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To: Deputy Commissioner of Patents and Trademarks 
Office of Enrollment and Discipline 
Attorney Roster 
Washington, D.C. 20231 



CHANGE OF CORRESPONDENCE ADDRESS 



Please accept this as formal notification of a change of correspondence address for: 



Santangelo Law Offices, P.C. 



Effective: April 1, 1998, the new correspondence address is: 



SANTANGELO LAW OFFICES, P.C. 
125 South Howes, Third Floor 
Fort Collins, CO 80521 
(970) 224-3100 



Luke Santangelo, PTO No. 31,997 
William F. Vobach, PTO No. 39,41 1 
D. Brit Nelson, PTO No. 40,370 



Sincerely, 

SANTANGELO LAW OFFICES, P.C. 



Luke Santangelo / w 
PTO No. 3 1,997 
125 South Howes, Third Floor 
Fort Collins, CO 80521 
(970) 224-3100 



Registered attorneys: 




m:\forms\corradd.chg 



United States Patent & Trademark Office 

Office of Initial Patent Examination Scanning Division 




Application deficiencies were found during scanning: 

□ Page(s) of 1 were not present 

for scanning. (Document title) 



□ Page(s) of were not present 

for scanning. (Document title) 



Scanned copy is best available. 



